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Petection of Embolic Particles With the
oppler Guide Wire During Coronary
ntervention in Patients With Acute Myocardial Infarction
fficacy of Distal Protection Device
tsunori Okamura, MD,* Hiroshi Ito, MD, FACC,* Katsuomi Iwakura, MD,* Shigeo Kawano, MD,*
oichi Inoue, MD,* Yoshihiro Maekawa, MD,* Toshio Ogihara, MD,† Kenshi Fujii, MD*
saka, Japan
OBJECTIVES We investigated whether embolic particles could be detected as high-intensity transient
signals (HITS) with a Doppler guide wire during percutaneous coronary intervention (PCI)
in patients with acute myocardial infarction (AMI) We also assessed whether these signals
could be reduced using a distal protection (DP) device.
BACKGROUND Embolization of thrombi and plaque components to the microcirculation is a major
complication of PCI in patients with AMI. Embolic particles running in the cerebral artery
are detected as HITS by transcranial Doppler ultrasound.
METHODS We prospectively studied 16 consecutive patients with AMI who underwent direct PCI
within 24 h after the onset of symptoms. A PercuSurge GuardWire (MedtronicAVE, Santa
Rosa, California) was used as the DP device. Eight patients were randomly assigned to the
non-DP group, and the remaining eight were assigned to the DP group. Coronary flow
velocity was recorded continuously from before the first balloon inflation to after balloon
deflation.
RESULTS All patients in the non-DP group had HITS detected (12 9 counts) within five consecutive
beats (4 1 beat) after balloon deflation, but none were detected in any of the patients in the
DP group.
CONCLUSIONS The Doppler guide wire can be used to visually detect and count emboli as HITS, and the DP
device is effective for prevention of distal embolization. (J Am Coll Cardiol 2005;45:212–5)
ublished by Elsevier Inc. doi:10.1016/j.jacc.2004.09.062© 2005 by the American College of Cardiology Foundation
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fne of the major complications of percutaneous coronary
ntervention (PCI) in patients with acute myocardial infarc-
ion (AMI) is distal embolization due to thrombi and
laque components liberated by balloon inflation. Recently,
istal protection (DP) devices have been used during PCI in
atients with AMI for the prevention of distal embolization.
owever, the randomized, multicenter Enhanced Myocar-
ial Efficacy and Removal by Aspiration of Liberalized
ebris (EMERALD) trial (1) showed that DP devices
annot improve ST-segment resolution, infarct size, myo-
ardial brush, or 30-day major adverse cardiac events in
atients with AMI. This result was disappointing for
ardiologists and raised questions regarding: 1) whether
istal embolization actually occurs and what amounts of
mboli are produced by PCI in AMI; and 2) whether the
P device can reduce embolic events. To answer these
uestions, it is necessary to establish a method that can detect
nd quantify the embolic particles liberated by PCI.
Emboli in the cerebral artery can be detected as high-
ntensity transient signals (HITS) by transcranial Doppler
ltrasound (2). These HITS have been detected in patients
ith mechanical prosthetic valves (3), carotid stenosis (4),
From the *Division of Cardiology, Sakurabashi Watanabe Hospital, Osaka, Japan;
nd †Department of Geriatric Medicine, Graduate School of Medicine, Osaka
niversity, Osaka, Japan.p
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004, accepted September 28, 2004.nd ischemic stroke (3), as well as during carotid endarter-
ctomy (5). In a previous study, we reported that an
ntracoronary Doppler guide wire is a simple and reliable
evice for the detection of epicardial coronary flow velocity
uring PCI (6). Recently, it was reported (7) that the
oppler guide wire can also detect HITS immediately after
alloon deflation during elective PCI. However, it remains
nclear whether these HITS are caused by emboli them-
elves, because they cannot exclude the possibility that the
bserved signals might have been caused by restoration of
nterograde flow after balloon deflation. Therefore, it is
ecessary to perform a negative control study to monitor the
oronary blood flow velocity spectrum after restoration of
nterograde flow after balloon deflation in the absence of
iberated emboli.
In the present study, we investigated whether the Doppler
uide wire could detect HITS during PCI in patients with
MI and whether these HITS disappeared with the use of the
P device; this represents a negative control study of HITS,
nd the results confirm the effect of the DP device.
ETHODS
tudy population. We performed a prospective study in 18
onsecutive patients with AMI referred to our hospital
etween January 2004 and June 2004 who fulfilled the
ollowing criteria: 1) chest pain 30 min in duration and
resentation 24 h after symptom onset; 2) ST-segment
e
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raphic leads; 3) Thrombolysis In Myocardial Infarction
TIMI) trial flow grade 0, 1, or 2 on the initial coronary
ngiogram; and 4) reference luminal diameter 3 mm in
he infarct-related artery. Exclusion criteria were cardio-
enic shock, previous bypass surgery, and atrial fibrillation.
ne patient was excluded because of cardiogenic shock, and
nother was excluded because of atrial fibrillation. Thus, 16
atients were enrolled in the present study. We used a
ercuSurge GuardWire (MedtronicAVE, Santa Rosa, Cal-
fornia) as the DP device. The present study was a random-
zed and prospective trial to compare the number of HITS
etected by the Doppler guide wire immediately after the
rst balloon deflation during PCI with DP (DP group) and
ithout DP (non-DP group). Eight patients were randomly
ssigned to the non-DP group, and the remaining eight
ere assigned to the DP group. This study was in compli-
nce with the Declaration of Helsinki with regard to
nvestigations in humans, and the study protocol was
pproved by the Ethics Committee of our hospital. Written,
nformed consent was obtained from all patients before
ardiac catheterization.
rotocols. Each patient was given aspirin (243 mg) at least
0 min before PCI. After intravenous administration of
eparin (100 U/kg), we performed left and right coronary
ngiography using the femoral approach with the Judkins
echnique. Coronary aspiration was performed for the
nfarct-related artery using an aspiration catheter (Export)
o measure the distal coronary diameter of the distal
cclusion balloon. Then, the tip of the Doppler guide wire
FloMap, Volcano Therapeutics, Rancho Cordova, Califor-
ia) was positioned 2 to 3 cm distal from the culprit lesion,
nd the coronary blood flow velocity spectrum was recorded
n videotape. In the DP group, the 0.014-inch (2.54-cm)
ollow-core GuardWire was advanced beyond the culprit
esion but before the tip of the Doppler guide wire. After
nflation of the distal occlusion balloon until anterograde
ow was halted, the angioplasty balloon was advanced at the
ulprit lesion over the GuardWire, and then the first balloon
nflation was performed for the culprit lesion. After angio-
lasty balloon deflation, the aspiration catheter was ad-
anced over the GuardWire to aspirate liberated thrombi
nd plaque components, and the distal occlusion balloon
as deflated to restore anterograde flow. In the non-DP
Abbreviations and Acronyms
AMI  acute myocardial infarction
DP  distal protection
EMERALD  Enhanced Myocardial Efficacy and
Removal by Aspiration of Liberalized
Debris
HITS  high-intensity transient signals
PCI  percutaneous coronary intervention
TIMI  Thrombolysis In Myocardial Infarctionroup, the same procedure was performed without DP. ooronary flow velocity was recorded continuously during
his procedure. Finally, coronary stenting was performed for
ll patients to achieve a residual diameter stenosis of 25%.
nalysis of coronary blood flow velocity data. The coro-
ary blood flow velocity spectrum recorded on videotape
as digitized using an off-line personal computer. We
efined HITS as the following characteristics to distinguish
mboli signals from artifacts, such as wire motion: 1) visual
igh-intensity signals; and 2) unidirectional signals within
he advancing velocity spectrum.
tatistical analysis. All data are expressed as the mean
alue  SD. All statistical analyses were performed using
tatView (Abacus Concepts Inc., Berkeley, California). The
npaired Student t test was used to compare continuous
ariables, and the chi-square test was used to compare
ategorical variables. A p value 0.05 was considered to
ndicate statistical significance.
ESULTS
able 1 summarizes the patient characteristics. There were
o significant differences among the two groups with regard
o age, gender, incidence of coronary risk factors, mean
ortic pressure, heart rate, culprit location, reperfusion time,
IMI flow grade before PCI, TIMI flow grade after PCI,
tent implantation, peak creatine kinase level, or left ven-
ricular ejection fraction at discharge (22  4 days).
Figure 1 shows the representative coronary blood flow
elocity spectra of the two groups. Immediately after balloon
eflation, HITS were clearly detected in the non-DP group,
ut not in the DP group. The HITS were detected in all
atients in the non-DP group within five consecutive beats
4  1 beat) after balloon deflation, and their number was
2  9 counts. In contrast, HITS were not detected in any
atient in the DP group (Fig. 2).
ISCUSSION
he results of the present study demonstrated for the first
ime that: 1) an intracoronary Doppler guide wire can detect
mboli as HITS associated with PCI, allowing us to count
heir number; and 2) use of the DP device can effectively
educe the number of embolic particles.
The DP device can aspirate liberated plaque and throm-
otic debris in patients with AMI (8,9). However, it
emains unknown whether this device can adequately reduce
he embolic burden in a clinical setting. The results of the
resent study directly showed that PCI indeed produces
mbolic particles in patients with AMI, and that the DP
evice can reduce their number. The randomized, multi-
enter EMERALD trial (2) failed to show the usefulness of
he DP device in patients with AMI and suggested that
istal embolization caused by the PCI procedure does not
lay a major role in the myocardial injury associated with
MI. The results of the present study supported this
bservation, as embolic events may only occur just after the
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Visualization of Distal Emboli During PCI in AMI January 18, 2005:212–5CI procedure, the number of embolic particle is small
mean 12  9 counts), and the DP device works well.
In our clinical experience, however, the DP device is
ometimes useful, especially in patients whose culprit lesions
ave some volume of thrombi and/or plaque. We showed
igure 1. Representative coronary blood flow velocity spectra of the two
roups. High-intensity transient signals (HITS) were detected in the
Table 1. Baseline Characteristics
Age (yrs)
Male gender
Coronary risk factor
Smoking
Hypercholesterolemia
Diabetes mellitus
Hypertension
Mean aortic pressure (mm Hg)
Heart rate (beats/min)
Location of culprit lesions (LAD/RCA/LCx)
Symptom onset to reperfusion time (h)
TIMI flow grade before PCI (0/1/2)
TIMI flow grade after PCI (1/2/3)
Stent implantation
Peak creatine kinase (IU/l)
LVEF at discharge (%)
Data are expressed as the mean value  SD or number (per
DP  distal protection; LAD  left anterior descending
left ventricular ejection fraction; PCI  percutaneous co
Thrombolysis In Myocardial Infarction.on-distal protection (DP) group, but not in the DP group. D  diastole;
 systole.
(
Shat the Doppler guide wire can easily detect emboli as
ITS and allowed us to determine their number. Further
oppler guide wire studies are required to determine the
haracteristics of the culprit lesions that are responsible for
he production of large numbers of embolic particles during
CI.
tudy limitations. In the present study, it is not clear what
ize of distal emboli can be detected by the Doppler guide
ire. We tried to calculate the size by the duration and
elocity of HITS. The size was calculated according to the
quation: size of emboli  velocity of HITS (mm/s) 
uration of HITS (s), and the calculated size was 1.73 
.81 mm. We are not sure that this equation really reflects
he size of emboli, and further basic studies are required
sing techniques such as intracoronary injection of micro-
pheres to determine the size limitation of detection by the
oppler guide wire.
igure 2. Comparison of the number of high-intensity transient signals
Non-DP
up (n  8)
DP Group
(n  8)
p
Value
59  8 59  13 0.94
7 (88) 6 (75) 0.52
5 (63) 6 (75) 0.59
3 (38) 3 (38)
2 (25) 2 (25)
5 (63) 3 (38) 0.32
16 23 99  19 0.15
81  21 75  26 0.62
6/2/0 2/4/2 0.1
.5 8.2 7.5  5.8 0.78
3/0/5 5/1/2 0.25
0/0/8 0/0/8
8 (100) 8 (100)
88 1,969 3,213  1,786 0.52
48  8 47  9 0.89
e) of subjects.
ary artery; LCx  left circumflex coronary artery; LVEF 
intervention; RCA  right coronary artery; TIMI Gro
1
8
2,5
centag
coronHITS) among the two groups. Data are expressed as the mean value 
D. DP  distal protection.
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